ABSTRACT: This paper explores Darwin's 14,000 plus letters and suggests that in spite of the enormous amount of published material on Darwin and his work, there remains much untapped information in his correspondence. A quantitative analysis of his correspondence reveals that many of Darwin's most important sources and projects have not been researched. I provide examples in two of his correspondents, William B. Tegetmeier and John Scott, who were extremely important to Darwin's work in domestic animal breeding and plant hybrid studies, respectively. In addition, Darwin's work on seed viability and distribution are discussed to illustrate both the extent of his correspondence network and the complexity of his many subprojects. The appendices suggest avenues for the further research of Darwin's correspondence by correlating the amount of correspondence with the amount of published material on the correspondents.
INTRODUCTION
Volume 11 of The correspondence of Charles Darwin (Burkhardt et alii, 2001 ) was published recently. Correspondence covering the years 1821 through 1864 is now in print. Darwin scholars continue to rave about the research prospects that these volumes hold. In his survey of the Darwin "industry" Ruse (1996: 219) claimed that in comparison to The correspondence of Charles Darwin "all other items of Darwin material come across as a bit anti-climactical". In one of the fi rst reviews of the project, Moore (1985: 578) stated that "the Calendar is, in short, a monumental achievement -one of the most important books to be published in the twentieth century on the culture of science, technology, and medicine ... the opportunities for microdarwinian investigation have redoubled at a stroke". Undoubtedly, there is a phenomenal amount of information contained in these volumes with more to come. Darwin corresponded voluminously until his death in 1882. However, there remains the question of how to approach such an enormous amount of information.
To this end, I offer a quantitative analysis of the more than 14,000 extant letters. 1 Moore (1985) included a graph of the annual quantities of letters to and from Darwin, and discussed some of the research possibilities revealed by his analysis. Montgomery (1987) performed a more in-depth quantitative analysis of Darwin's correspondence, and Garber (1994) gave a thorough analysis of Darwin's network of Pacifi c correspondents. My approach builds on these works, but also attempts to correlate Darwin's correspondence with his research projects. Such an analysis reveals that there is a large number of lesser-known fi gures who Darwin relied heavily on for information. Setting the "big names" aside (for example, Joseph Dalton Hooker, Charles Lyell, Asa Gray, Thomas Henry Huxley), there remain more than 50 correspondents with whom Darwin exchanged 30 or more letters. As Moore (1985: 576) suggested, a closer examination of these important, but lesser known, fi gures seems an appropriate next step for Darwin scholarship.
Another avenue of research made available through the Correspondence is the examination of Darwin's research projects. Secord's (1985) and Bartley's (1992) works on Darwin and domestic animal breeding are two such examples. In so doing, it becomes possible, as Garber (1994) 
METHODS
Using the same resources as Garber (1994) , a list of correspondents (Appendix 1) was established by the following method. First, A calendar of the correspondence of Charles Darwin 1821 -1882 (Burkhardt and Smith, 1994 ) was used to determine correspondents with whom Darwin had more than fi ve exchanges. There is no objective basis for making the cutoff at fi ve; however, it seems reasonable to assume that any signifi cant correspondence that Darwin engaged in would necessitate more that a "few" letters. Secondly, correspondents with whom Darwin's communication was primarily personal in nature were eliminated. This was determined by examining the brief biographies in the Calendar. For example, scientists, breeders, foreign correspondents and queries to journals were included, whereas family and friends were not unless Darwin clearly drew on them for his projects. 4 Admittedly, it is diffi cult to make a decision about the nature of Darwin's correspondence from this limited information; nevertheless, the biographies in conjunction with the author's tacit knowledge from working on the Darwin Correspondence Project provide a fairly sound basis for making these decisions. 5 If there was any doubt, the correspondent was included in the list. After paring down the list by the above methods, Isis cumulative bibliographies over a 20 year period were examined to determine the extent of existing research on the correspondents. Those individuals with more than three entries in the Isis bibliographies were eliminated. The intention here was to develop a list of Darwin's correspondents who have received little attention from researchers. Finally, to provide some idea of the signifi cance of the correspondents, the Dictionary of British and Irish botanists and horticulturists (Desmond and Ellwood, 1994) was consulted (Appendix 1). A more diffi cult task was determining date ranges during which Darwin worked on his various projects. As any Darwin scholar knows, Darwin had a number of ongoing projects at any one time. Some of his investigations spanned the majority of his working life. For example, although Darwin's theory of the transmutation of species was largely formulated by 1842, it can reasonably be argued that the bulk of Darwin's post-1842 projects (possibly with the exception of some of his geological research) were efforts to bolster this theory. Hence, any attempt to narrow a date range on a project as far reaching as the transmutation of species is diffi cult, to say the least. I have, however, chosen to include the period between Darwin's return from the Beagle voyage in 1836 to 1842 when he wrote the fi rst draft of his species theory. During this period Darwin openly discussed his thoughts on transmutation with a number of correspondents: William D. Fox, Charles Lyell, John S. Henslow, Leonard Jenyns and George Waterhouse (Porter, 1993) . The years immediately after his voyage were also signifi cant in that during this time Darwin began to establish a network of correspondents for his questions relating to artifi cial selection (plant and animal breeders), which would ultimately play an important role in his theory of natural selection (Burkhardt and Smith, 1986 : xvii-xviii).
Darwin's work on geology and botany (for example, pollination and fertilization, and related research on forms of fl owers) is also impossible to demarcate. Darwin's interest in geology began prior to the Beagle voyage (Desmond and Moore, 1992) , was intensifi ed by his voyage around the world, and culminated in the publication of a number of major works on geology in the 1840s (Darwin, 1842 (Darwin, , 1844 (Darwin, , 1846 . However, Darwin continued to discuss relevant issues in geology with leading fi gures in the fi eld (for example with Charles Lyell, Thomas F. Jamieson, Andrew C. Ramsay, Joseph B. Jukes, and the noted physicist, John Tyndall) into the 1860s and 1870s (Burkhardt et alii, 1994: xviii-xix) .
Darwin began investigating variation in cultivated plants, which included crossing and pollination experiments, in the early 1840s. His fascination with plant variation as a mechanism for supporting his theory of transmutation continued off and on throughout his life and resulted in major publications in the 1860s and 1870s (Darwin, 1862 (Darwin, , 1876 (Darwin, , 1877 .
For the purposes of the present analysis, date ranges have been established for those projects that can be fairly clearly demarcated and which are temporally limited to some extent (Table 1) . This was accomplished primarily through examination of Darwin's journal (de Beer, 1959) , and the introductions to the Correspondence volumes (Burkhardt and Smith, 1985 , 1986 , 1987 , 1988 , 1989 , 1990 , 1991 Burkhardt et alii, 1993 Burkhardt et alii, , 1994 Burkhardt et alii, , 1997 .
These date ranges were correlated with the date ranges of Darwin's correspondents in an effort to determine which correspondents Darwin may have drawn on for particular projects (Appendix 1). Obviously, an overlap between the project date ranges and the range of correspondence does not necessarily establish a connection; Appendix 1 is merely a starting point for further research. In order to demonstrate the value of taking a closer look (Richardson, 1916) , which is dated and largely anecdotal. Of the four most recent biographies on Darwin (Bowler, 1990; Bowlby, 1991; Desmond and Moore, 1992; Browne, 1996) , only Browne (1996: 525) (Richardson, 1916: 2) . When he was 12, Tegetmeier's family moved to London, where he maintained his natural history inclinations by raising pigeons -a pursuit that remained with him throughout his life (Richardson, 1916: 6) .
Tegetmeier was apprenticed to his father to become a doctor and apothecary, and enrolled at University College London in 1833 at age 17. He was an excellent student and received many honors and medals (Richardson, 1916: 10-11) . But after ten years of study and apprenticeship, Tegetmeier forsook medicine for a life as a "Bohemian journalist" (Richardson, 1916: 27) . This move was no doubt partly a result of receiving an inheritance from his father; however, he was by no means wealthy and had to work hard most of his life.
In 1859 Tegetmeier began contributing articles to The fi eld, a journal devoted to "the farm, the garden, the country gentleman's newspaper". Shortly thereafter Tegetmeier was appointed head of the Poultry and Pigeon Department at The fi eld, where he contributed weekly articles for more than 50 years (Richardson, 1916: 140) . In addition to his career as a journalist, Tegetmeier also lectured and wrote textbooks on subjects ranging from botany to domestic economy. His Manual of domestic economy (1858), which was oriented toward women's education, went through 14 editions (Richardson, 1916: 37) . He became widely recognized as one of the leading authorities on domestic fowls, the breeding of domestic animals and bee-keeping in England. However, it was primarily his expertise on fowls that initially drew Darwin to Tegetmeier.
Darwin and Tegetmeier met in 1855 through William Yarrell 6 , a mutual friend. Darwin immediately tapped into Tegetmeier's wealth of knowledge on animal breeding and bees. Most importantly, he was a vital link to the pigeon and poultry fancying community (Burkhardt and Smith, 1989: xix) . Bartley (1992) points out that Darwin's work on domesticates, while important to his theory of natural selection, was equally important to his interest in inheritance and variability. In this regard, Tegetmeier played a substantial role by performing a variety of sexual selection and inheritance experiments with birds in the 1850s and 1860s (Bartley, 1992) . Darwin (1859: 250, 254 ) cited Tegetmeier twice in Origin, which was admittedly a reference-sparse "abstract" of his theory; and eight times in The descent of man, and selection in relation to sex (Darwin, 1871) . However, in Variation of plants and animals under domestication (Darwin, 1868) , Tegetmeier was cited 33 times on such far reaching topics as "a cat with monstrous teeth", "the length of the middle toe in Cochin fowl" and "intercrossing in bees".
Because Darwin relied so heavily on domestic breeding (artifi cial selection) as a correlate for natural selection in nature, he was anxious to gather data on the types and extent of variation possible in domestic animals. Tegetmeier assisted Darwin in this endeavor by supplying specimens (particularly pigeons), identifying and describing specimens that Darwin had procured from his extensive network of correspondents 7 , and by answering queries about the breeding of domestic animals, or directing Darwin to others who could assist him (see Appendix 2 for a complete list of topics discussed).
JOHN SCOTT (1836-1880)
John Scott was born in Denholm, Scotland, in 1836. His father and mother died when he was quite young and he was brought up by his grandmother. Scott attended parish school, but left at the age of 14 to work as a gardener. In 1859, after serving in several gardening positions, Scott became foreman of the propagating department at the Royal Botanic Garden, Edinburgh (Kennedy, 1908) . It was in this position that Scott began corresponding with Darwin in 1862.
Ironically, Scott fi rst wrote to Darwin to point out an error that Darwin had made in the fi rst edition of his orchid book (Darwin, 1862) . In a letter to Darwin dated 11 November 1862 (Burkhardt et alii, 1997: 516) , Scott claimed that Darwin was mistaken about his identifi cation of a particular genus of orchids. Darwin responded appreciatively, and somewhat demurely, stating that "Botany is a new subject to me" (Burkhardt et alii, 1997: 522) .
Although their most active period of correspondence only lasted a few years (1862-1864), they both benefi ted immensely. Darwin was instrumental in obtaining a position for Scott as the head of the herbarium department at the Calcutta Botanic Garden, and in encouraging him to publish his work (See Appendix 2 for a list of letters on these subjects). In terms of Scott's assistance to Darwin, he is referenced twice in Origin (Darwin, 1859) , six times in On the various contrivances by which British and foreign orchids are fertilised by insects (Darwin, 1862) , nine times in The variation of animals and plants under domestication (Darwin, 1868) , once in The descent of man, and selection in relation to sex (Darwin, 1871) , fi ve times in The effects of cross and self-fertilisation in the vegetable kingdom (Darwin, 1876) , and 19 times in The different forms of fl owers on plants of the same species (Darwin, 1877) . The majority of their correspondence centered around cross-pollination studies of hybrids to determine the effects on sterility/fertility. However, like many of his correspondents, Darwin gleaned a variety of information from Scott. For example, when Darwin was doing research for The descent of man in the late 1860s, he requested information on human variation from Scott (See Appendix 2).
Aside from Joseph D. Hooker and Daniel Oliver, Scott is likely the most important correspondent in regard to Darwin's studies on plant sterility and plant varieties. These studies were of great importance to Darwin because he believed that they were the clearest evidence of evolutionary gradation from varieties to species. Huxley had made the issue of cross-sterility of paramount importance in his assertion that species were delineated by mutual sterility (Burkhardt et alii, 1997: 700) . Darwin disagreed: "Sterility ... has been acquired ... to favour intercrossing. Sterility may ... have been slowly acquired for a distinct object, namely, to prevent two forms ... becoming blended by marriage" (Burkhardt et alii, 1997: 702) . In an attempt to counter Huxley, Darwin drew on Scott's extensive knowledge and experience in plant propagating. Most signifi cantly, Darwin persuaded Scott to replicate Karl Friedrich von Gärtner's cross-sterility experiments on Verbascum (Scott, 1867) . The importance of Gärtner's (1849) experiments cannot be overemphasized, as Darwin stated in a letter to Hooker: "I do not think any experiment can be more important on Origin of species; for if [Gärtner] is correct, we certainly have what Huxley calls new physiological species arising" (Burkhardt et alii, 1994: 284) .
SEED DISPERSAL AND VIABILITY
Nelson (2000) demonstrated that seed distribution and viability were signifi cant projects of Darwin throughout his working life. Similar plant species were observed to be widely dispersed, but the question was how to explain this phenomenon. Darwin was motivated by the fact that island fl oras were known to be highly endemic (Murray, 1986: 76-77) and by the observations of his widely traveled botanist friend, Joseph D. Hooker (1847a Hooker ( , 1847b . Although Darwin's interest in plant dispersal was not unique (Nelson, 2000: 34) , his motivations were. Browne (1983: 196) summed up the importance of this project to Darwin: "the crux of Darwin's system was the proposition that species could spread virtually all over the world, given plenty of time and no physical barriers on the way". Since Darwin rejected independent creation, he sought an alternative explanation for the geographical distribution of plant species. Much of the impetus for Darwin's research was fueled by a desire to refute one of the prevailing hypotheses of his time: that distribution occurred via continental land-bridges, a position espoused by noted geologists such as Edward Forbes, and botanists including Joseph D. Hooker (Burkhardt and Smith, 1989: 331, 349 ). Darwin knew that if the idea of land-bridges could be refuted, creationists would be forced into the unsavory position of espousing "multiple creations" (Browne, 1983: 199-200 ).
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Although Darwin investigated seed viability as early as 1837 (Burkhardt and Smith, 1986: 13) , his research began in earnest in 1855 (Darwin, 1855a (Darwin, , 1855b (Darwin, , 1855c (Darwin, , 1855d , initiated by a comment by Hooker (Burkhardt and Smith, 1989: 299, note 4; 321) . Darwin believed that if he could demonstrate that seeds remain viable in salt water long enough to be transported by ocean currents, a plausible mechanism for plant distribution could be established. The manner in which Darwin conducted these experiments is only one instance among many where he was clearly attempting to buttress his projects by using empirical scientifi c methods.
Darwin had "sea water" artifi cially mixed by a local chemist. Then, following Hooker's advice on which seeds to test (Burkhardt and Smith, 1989: 304) , Darwin placed a number of seeds of each species in small bottles containing 2-4 fl uid ounces of sea water. The bottles containing salt water and seeds were then exposed to two different temperature ranges (at 44º-48ºF, and at 32ºF) to determine if temperature had any effect on germination. The higher temperature range was accomplished simply by keeping the bottles outside in the shade; however, to maintain 32ºF, Darwin was forced continually to pack the bottles in snow. He was, in fact, able to fi nd a number of different species that could endure immersion in salt water for a signifi cant period of time (Table 2) . Darwin discussed and summarized these experiments in a series of letters to the Gardeners' chronicle (Darwin, 1855a (Darwin, , 1855b (Darwin, , 1855c (Darwin, , 1855d (Darwin, , 1855e, 1855f, 1856 .
From the results of this experiment Darwin determined that the majority of the seeds that he tested could survive long enough to travel 1,300 to 1,400 nautical miles 10 in the ocean, a number that he arrived at by multiplying the average ocean current speed (33 nautical miles per day) by the number of days that the majority of seeds survived (42 days) (Darwin, 1855e) . Land-bridges were no longer necessary to explain the observed plant distribution patterns.
In addition to his seed-salting experiments, Darwin performed a number of investigations to determine mechanisms of plant dispersal -driftwood, birds, icebergs and fi sh (see Appendix 3). For example, he obtained clumps of mud from the legs and feet of various types of birds (ducks, pigeons and partridges). The mud frequently contained seeds which Darwin planted and found viable. In a letter to Joseph Hooker on 5 December 1863, Darwin discussed how he had obtained 32 seeds from mud attached to a partridge's foot (Burkhardt et alii, 1999: 687) .
Another experiment involved birds of prey. Darwin had sparrows with full crops feed to hawks and owls at the Zoological Society gardens (Burkhardt and Smith, 1990: 248, note 2). Darwin extracted the seeds from the boluses that had been expelled 12 to 18 hours later by the hawks and owls, planted them, and determined that the seeds were indeed viable. From this, Darwin (1859: 357 ) hypothesized yet another means of transporting seeds, this time up to 500 miles (Burkhardt and Smith, 1990: 249) . It is also interesting to examine the diversity of correspondents (Appendix 4) with whom Darwin discussed his seed experiments. These correspondents were spread throughout the world: France, South Africa, United States, Azores, Jamaica and Norway; and they were equally diverse professionally: geologists, botanists, ornithologists, and conchologists. In addition to these "professional" scientists, Darwin also consulted a number of amateur naturalists and gardeners: his cousin William D. Fox; his sister Susan Darwin; his son William E. Darwin; and Miss Holland, the daughter of Henry Holland. 11 From this analysis one can easily see the lengths undertaken by Darwin for this one, apparently minor, research project which amounted to only fi ve pages of summary in Origin (Darwin, 1859: 355-360) . However, the results played a crucial role in Darwin's argument for the geographical distribution of plant species (Darwin, 1859: chapter 12) . It was in fact no small accomplishment. The results of these experiments were instrumental in convincing Joseph Hooker (at the time the world's foremost authority on the geographic distribution of plants) that mechanisms for distribution existed. From his extensive travels and research, Hooker had long been convinced of the widespread distributions of many plant species; however, aside from the idea of continental extensions, for which there was then little evidence, the means of distribution were virtually unknown. Persuading Hooker encouraged him to speak openly on behalf of Darwin's theory, which he did in his introduction to Flora Tasmania (Hooker, 1860) . More importantly, Darwin's experiments "proved highly signifi cant for the theory of evolution, because the results established beyond doubt that species were capable of spreading far more widely than had hitherto been supposed" (Browne, 1983: 199) .
DISCUSSION
The primary intent of this paper is to offer fresh research possibilities for Darwin's correspondence. In this regard, several points should be obvious: First, Darwin's over-arching project -a meta-theory of the unity of nature -was composed of numerous sub-projects which were frequently complex and scientifi c in nature (as defi ned by Darwin's context). Although Darwin is more frequently thought of as a grand theorizer, a close examination of his sub-projects reveals the extent to which he was a "practicing" scientist in every sense of the word. Darwin's correspondence is, therefore, invaluable because it reveals the intricacies of his work that cannot be found elsewhere. This may appear to some historians of science to be overly "internalistic" but it must also be noted that this science is being articulated via correspondence between individuals -a fact that signifi cantly broadens the historical context.
Secondly, the present analysis demonstrates how important relatively unknown fi gures were to Darwin's work. William B. Tegetmeier and John Scott are just two of numerous examples (see Appendix 1). This does not negate the originality of Darwin's discovery; however, it goes a long way toward supporting the idea that science was, at least in Darwin's context, a highly communal enterprise. A more thorough examination of the networks created by Darwin would be enlightening from a variety of scholarly perspectives.
Lastly, the publication of Darwin's correspondence is opening vast new research opportunities in nineteenth-century natural history. While Darwin remains a signifi cant fi gure in this research, his correspondence opens doors for viewing numerous other "actors" and "sub-plots" on this particular stage of history. DARWIN (Desmond and Ellwood, 1994) . 
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